3. The autocorrelogram of intervals shows that the intervals are unlikely to be independent. 4 . A stochastic analysis that includes the power spectrum of intervals, the variance-time curve, and the ln-survivor curve suggest that there is a clustering of min.e.j.p.s. The results are similar to those on the frog neuromuscular junction.
5. An autocorrelogram of the min.e.j.p. amplitudes suggests that sizes are not independently distributed. INTRODUCTION Dudel & Kuffler (1961) measured the intervals between 240 miniature excitatory junctional potentials (min.e.j.p.s) recorded from a crayfish muscle. They compared the distribution of the intervals with the predictions of the equation
IRA COHEN AND OTHERS where n is the number of intervals observed with a duration between t and t + At, N is the total number of intervals and T is the mean interval.
Visually, there was a good fit between the predictions of eqn.
(1) and their data so they concluded that the min.e.j.p.s appear in a random sequence without obvious interaction between events. This conclusion was widely accepted because it agreed with results from the frog neuromuscular junction (Fatt & Katz, 1952) . Our results suggest that in the frog spontaneous releases are not independent and that the intervals between events do not fit a Poisson distribution (Cohen, Kita & Van der Kloot, 1973 a, b). Therefore we have reinvestigated the timing of min.e.j.p.s in the crayfish.
METHODS
The experiments were performed on the adductor muscle of the dactyl of the first or second walking leg of the crayfish, Orconectes virilis. Usually the outer surface of the muscle was exposed by removing the exoskeleton. The isolated leg was clamped in a Lucite chamber. The bathing solution, modified from van Harreveld (1936) contained 210 mM-NaCl, 5-25 mM-KCl, 2-8 mM-MgCl2, 14-0 mm-CaCl2, and 10-0 mM-N-Tris (hydroxymethyl)methyl-2-aminoethanesulphonic acid (TES) buffer at pH = 7-5. One set (CC) was buffered at pH = 6-0 with 10 mM-1,3-bis[tris-(hydroxymethyl) methylamino] propane. The experiments were performed at room temperature (21-23°C).
Recording was accomplished with conventional amplifiers leading to a Brush ink-writing recorder. Micropipettes were filled with 3 M-KC1 and had resistances between 7 and 15 MQ. In most instances, the min.e.j.p.s were recorded beginning several hours after the fibre was impaled to insure maximum stability. In all cases the resting potential was more negative than -70 mV and was essentially unchanged during the recording.
The statistical methods and mathematical transformations that are employed are described by Cohen et al. (1973b, c) .
RESULTS
The amplitude distribution of crayfish min.e.j.p.s range from fairly large, perhaps 0-5 mV in a thin fibre, down to those that are almost submerged in the background noise. To avoid missing events obscured by noise, we established a threshold amplitude well above the noise level and then measured the intervals between the min.e.j.p.s that were clearly above this threshold. The intervals were then tested to see whether the distribution was exponential (Table 1 ). The measured intervals clearly deviate significantly from the exponential prediction. In one case the same series was measured twice (CDlow CDhIgh), once with a threshold just above the noise level and then again with a threshold 0 1 mV higher; both series are unlikely to be exponential.
The u statistics of the empirical data sets are displayed as Table 2 . This statistic estimates the probability that the mean of any set of intervals is CRA YFISH MINB..J.P. TIMING IRA COHEN AND OTHERS changing with time. The results show that if the series of intervals are generated by Poisson processes the mean of four out of five sets must be changing monotonically with time.
Set CA contains 1575 intervals and appears to be stationary in time as determined by the u statistic. It was recorded from a junction impaled about 150 min before recording was begun. The resting potential was -76 mV. This set will be used as a demonstration set for the remainder of the paper.
The autocorrelation of intervals for this series appears as Fig. 1 . There is an excess of significant autocorrelation coefficients, most of which are positive. Since a trend is unlikely in this data set, the excess of autocorrelation coefficients above the significance limits implies that unlike a Poisson process, the intervals are not independent.
The periodogram for this series shows an excess of variance at the low frequencies (Fig. 2) . This result would be expected from the autocorrelogram, because the events that are correlated appear to be relatively far apart. Similar spectrums were found for the other data sets.
The variance-time curve for the 1575 intervals is shown as Fig. 3 ; the empirical curve is significantly above the line predicted for a Poisson process, indicating that there is clustering in the series.
The ln-survivor curve for the long crayfish data set shows that there are two components, instead of the single line expected for a Poisson process. The other examples from the crayfish generate similar curves (Fig. 4) .
As we discussed in detail previously (Cohen et al. 1973b) , there are two models that generate an excess of positive autocorrelations, a variancetime curve indicating clustering, and an excess of variance at the low end of the periodogram. First, there is a Poisson process with a mean that is changing in time. Secondly, a branching Poisson process, in which a random primary event is followed by a chance of having one or more subsidiary releases from the same point on the nerve terminal. There is no known way to distinguish between these two possibilities from the interval data alone. Calculated parameters for a branching Poisson model are shown as Table 3 .
If, however, there are subsidiary releases from the same point on the nerve terminal, the amplitudes of the min.e.j.p.s would not be randomly distributed, since one expects that releases from sites near the recording electrode will generate relatively large min.e.j.p.s. For this reason we calculated the autocorrelations of the min.e.p.p. amplitudes (Fig. 5) . There is an excess of autocorrelations outside of the 5 % confidence limits (5 found; 2-5 expected). This lends some support to the branching Poisson model.
To check whether the assumptions that lead us to calculate the auto- 
